The phenomenon of Levantine nanism in the Mediterranean Sea has so far been described in invertebrates and fish. We explored the possibility that it would also apply to marine mammals. To that end, we compared total body length (TBL) and skull condylobasal length (CBL) of adult common bottlenose dolphins Tursiops truncatus collected along the Israeli coastline (representing the Levantine subpopulation) to those of specimens collected along the shores of western Mediterranean seas. Significant differences were found between mean (± SD) CBL values of 40 skulls from Israel and a pooled sample of 40 skulls from the Adriatic, Tyrrhenian, Ligurian and Balearic Seas (49.70 ± 1.87 and 52.18 ± 1.47 cm, respectively, p < 0.001). The mean (± SD) TBL of 26 Israeli animals were significantly smaller than those of 28 animals from the Spanish Mediterranean coast and 36 animals from the French Mediterranean coast (272 ± 18.0, 317.3 ± 16.1 and 313.4 ± 14.8 cm, respectively, p < 0.001). The results clearly demonstrate that animals of the Levantine subpopulation are significantly smaller than those residing in the west. A difference of 16% for TBL between populations fits the range of within-species dwarf morphs in cetaceans and, when translated into volume and mass, also fits the definition of Levantine nanism.
INTRODUCTION
The Mediterranean is a semi-enclosed sea, almost isolated from the Atlantic Ocean, and is conventionally divided into 2 seas, western and eastern. The eastern Mediterranean and especially its easternmost portion, the Levantine Basin, are characterized by higher temperature and salinity, and by extreme oligotrophy (Dugdale & Wilkerson 1988 , Yacobi et al. 1995 , Herut et al. 2000 . These characteristics are caused by the scant river runoff and pronounced stratification, and are sustained by the unusual flow pattern at the Straits of Sicily (surface, nutrient-depleted water flows in, whereas intermediate and deep water with enhanced nutrient content flows out) (Krom et al. 2004 ). Por (1989) coined the term 'Levantine nanism' to describe the phenomenon of representatives of many marine taxa having smaller body sizes (dwarfism) in the Levantine Basin. He suggested that such nanism might be the result of any one or the combination of exceptional environmental factors such as high salinity, high temperature and low productivity. Levantine nanism had been suggested for poikilotherms of various invertebrate and vertebrate taxonomic groups: sponges (Levi 1957) , sipunculids (Stephen 1958) , polychaetes (Laubier 1966) , and deepwater bony fish (Tortonese 1960) , and has recently been demonstrated quantitatively in red mullet Mullus barbatus (Sonin et al. 2007 ). Within-species dwarfism in cetaceans is restricted to subspecies or populations which possess smaller dimensions and usually maintain body proportions of the standard form, such as the dwarf spinner dolphin Stenella longirostris roseiventris from the Gulf of Thailand (Perrin et al. 1999) , the dwarf common minke whale Balaenoptera acutorostrata subsp. in the Southern Hemisphere (Best 1985) and the dwarf killer whale Orcinus orca in the Antarctic (Berzin & Vladimirov 1983 , Rice 1998 , Pitman et al. 2007 ). There is no clear geographical-cline basis for this distinction, as the dwarf and the regular morphs are often sympatric.
The common bottlenose dolphin (BD) Tursiops truncatus (Montagu, 1821) has a world-wide coastal distribution in tropical and temperate waters, including the Mediterranean Sea, the Black Sea, and the Red Sea (Leatherwood & Reeves 1983 , Kurihara & Oda 2006 . The species is very polymorphic, being characterized by variable body size, coloration and skull morphology, according to nutritional traits and geographic distribution (Turner & Worthy 2003) . The older literature describes specimens from the Northeast Atlantic and the Northwest Pacific BD populations as being much larger than those of the Mediterranean and the Black Sea populations, the latter comprising the smallest specimens (Barabash -Nikiforov 1940) . This was reaffirmed in a recent craniometric study by Viaud-Martinez et al. (2008) , who found mean skull condylobasal lengths (CBL) of 452.3 mm (Black Sea), 520.3 mm (Mediterranean, predominantly from the western basin) and 537.4 mm (Atlantic, Gulf of Lion). Additionally, in regions such as the Northwest Atlantic, 2 distinct morphs are described, one coastal and the other deep-sea, based on differences in hemoglobin content, skull morphology, external body measurements and proportions; in general, the deep-sea morph was described as having a more robust appearance (Hersh & Duffield 1990) . With this extent of global size variability, dwarfism in BD would have little meaning; however, the Mediterranean population of bottlenose dolphins may still conform to the phenomenon of Levantine nanism. Carrying capacity for top predators in the Levantine Basin is suspected of being intrinsically low, in line with the low primary productivity. In addition, over the last 2 decades a continuous decline of catch per unit effort by the stable-sized Israeli trawler fleet suggests over-fishing along the Israel coastline (Edelist et al. 2011) . The combination of the 2 factors causes a regional reduction in food availability to bottlenose dolphins, which may be translated into fewer individuals (Bearzi et al. 1999 (Bearzi et al. , 2006 and/or to individuals reaching a smaller final adult size. The latter could provide a theoretical basis for an east−west size gradient.
Our study aims to broaden the concept of Levantine nanism to include a marine mammal, by determining whether dwarfism occurs in Israeli BD, while taking into account confounding factors such as thermoregulation that may apply to homeotherms.
MATERIALS AND METHODS

General
The preferred measure for size comparison is adult body mass of live healthy animals, taking into account seasonal variations, but this measure is only rarely available in cetaceans, e.g. in a long-range study of BD in Sarasota, Florida (Scott et al. 1990 ). Conversely, while total body length (TBL; snout-toanus) in land mammals suffers from inter-and even intra-measurer variability (mainly caused by the flexibility of the animals' spinal column), it is a good alternative measure to body mass in ceta ceans, in which fused cervical vertebrae, lack of hind limbs, rigid tail and the flattening effect of the beach, dissection table or any flat surface on their body decrease measurement variability. However, since many stranded cetaceans are already in various states of decomposition or mummification when examined, reliable measurements are not possible. Skulls are considered to be the best-preserved remains from a beached marine mammal (Liebig et al. 2003 ) and the only one routinely kept in museums and academic collections, and accessible to scientists. Skulls are widely used in comparative studies of size in land mammals, their CBL being highly correlated to mass in diverse species (Ellison et al. 1993 , Quin et al. 1996 , Jones 1997 , Meiri et al. 2004 . Skulls have also provided the data for many morphometric studies in dolphins, using CBL as well as other craniometric measures to differentiate subspecies and geographic populations (Walker 1981 , Mead & Potter 1990 , Kemper 2004 , Viaud-Martinez et al. 2008 ). However, the assumption that skull size decreases proportionally to TBL cannot be taken for granted and needs verification, since e.g. the pygmy blue whale Balaenoptera musculus brevicauda from the Indian Ocean has a tail that is shorter relative to that of the blue whale B. musculus (Gilpatrick & Perryman 2008) and the small BD from the Black Sea has a relatively larger head (Viaud-Martinez et al. 2008) . Therefore, we have used TBL as an indicator of size whenever available and supplemented it with CBL measured on dolphins collected along the coast of Israel and of several western Mediterranean seas.
Database
TBL, measured as a straight line from the tip of the rostrum to the deepest part of the fluke notch (Norris 1961) , was available for 105 beached or by-caught BDs of both sexes attended by The Israel Marine Mammal Research & Assistance Center between 2000 and 2010. This set was compared to 2 TBL datasets from the French (142 specimens) and from the Spanish (109 specimens) Mediterranean coasts, contributed by Groupe d'Etude des Cétacés de Méditerranée (Marseille) and the University of Va lencia, re spectively, through the services of MEDACES (Mediterranean Database of Ceta cean Strandings). There was no age information available for the latter 2 series, therefore the mean lengths of the upper quartile from each set were compared, on the assumption that it mainly consisted of adult animals.
In total, 83 cranially mature skulls were available for comparison (maturity determined based on degree of fusion of maxillary and premaxillary bones; Dailey & Perrin 1973 , Perrin 1984 , Leatherwood & Reeves 1990 , Mead & Potter 1990 , Perrin & Heyning 1993 . They belonged to museum collections across the Mediterranean: 42 from Israel (17 of them with TBL data) and 40 from the western basin (16 of them with TBL data) (Table 1, Fig. 1 ). The subsample of the western population skulls for which TBL was also known was predominantly (13 out of 16) from the Adriatic Sea. Two animals of either Adriatic or Tyrrhenian Sea origin were only included in pooled western versus eastern Mediterranean comparisons. All CBL measurements were obtained by Y.S. with a pair of compasses (60 cm long), to the nearest 1 mm. Age of 18 specimens in the Israeli sample was estimated by P.G. from dentinal layer counts.
Data analysis
Following normality tests (Kolmogorov-Smirnov) and tests for homogeneity of variances (Levene), unpaired t-tests and ANOVA, or 2-sample and ksample nonparametric tests, were used to compare group means or medians, respectively. Univariate and bivariate ANOVA were used to model gender and region effects on CBL and TBL. All analyses were performed using SPSS v.13.
RESULTS
Age at cranial maturity
Maturity of the skull as implied by rostral fusion was detected in all animals ≥ 4 yr old in the Israeli sample. All animals aged ≤3 yr were cranially immature; in one of them, a 3 yr old male, the rostrum was partly fused on both sides, but only over short sections.
CBL−TBL correlation
Based on a linear regression, skull length was significantly correlated to body length in a pooled east-west sample (the latter predominantly from the Adriatic Sea), for which both para meters were known (p = 0.0005), al though the correlation was not strong (Fig. 2) . In a subsample for which gender was also known (15 dolphins from Israel and 13 from the Italian coast of the Adriatic), a univariate ANOVA with CBL as the dependent variable indicated significant effects of TBL and region but not of gender ( Table 2) . Analysis of covariance did not reveal a significant interaction between TBL and region. Bivariate ANOVA, with both CBL and TBL as dependent variables, showed that neither gender nor region had a significant effect on the 2 length measures.
Sexual dimorphism
Gender-depen dent differences in body lengths and skull lengths were further evaluated in datasets not included in the above analyses, such as the upper quartiles of the stranding data from France and Spain (n = 36 and 27, respectively). As no significant differences were found for either measure (Mann-Whitney p = 0.19 to 1.00), regional comparisons were made irrespective of gender.
Regional differences
Cumulative distribution curves of the French (mostly from the Ligurian Sea), Spanish (mostly from the Balearic Sea) and Israeli TBL series are shown in Fig. 3 . The curves of the 2 western populations practically overlap; in contrast, at 50% cumulative distribution the Israeli dolphins are 38 cm smaller, and at 75% they are 47 cm smaller than their western counterparts. Comparing median TBL of the upper quartiles of the 3 series (Table 3) showed that the Israeli median length was significantly shorter than both western series (Krus kal-Wallis, χ 2 = 43.3, p < 0.001; Mann-Whitney, p < 0.001 for both comparisons), with no significant difference between the 2 western series (Mann-Whitney, p = 0.333).
Cumulative distribution curves of combined Ligurian-Balearic-Alboran, Tyrrhenian, Adriatic and Israeli CBL series are shown in Fig. 4 . The 3 western curves practically overlap. There were no western dolphins with CBL < 50 cm, whereas 67% of the eastern dolphin CBLs were < 50 cm. The mean (± SD) CBL value in the Israeli population (49.70 ± 1.87 cm) was significantly smaller than that of the combined western population (52.18 ± 1.47 cm) (t-test p < 0.001) as well as each individual western subpopulation (1-way ANOVA, The mean (± SD) CBL:TBL ratio for the Israeli population (n = 14) was not significantly different at 0.195 ± 0.015 from that for the combined western Mediterranean population (0.192 ± 0.017) (2-tailed ttest for assumed equal variances, p = 0.606).
DISCUSSION
The principal finding of this study is that on account of both TBL of presumably mature specimens and skull length of specimens with presumably mature skulls, common bottlenose dolphins off the Israeli Mediterranean coast are significantly shorter that their counterparts off the coasts of western Medi terranean seas.
CBL−TBL correlation
The 2 length parameters were well correlated. Some of the scatter could be explained by cranial maturity in BD and other delphinids occurring earlier than physical maturity (cessation of body growth). Mead & Potter (1990) found cranial maturity of BD to be established at a mean age of 3.5 yr, when -according to the age−length relationship which they present -the dolphins are about 25 cm shorter than the asymptotic length (indicating physical maturity) occurring at the mean age of 13 yr. Analysis of the Israeli samples points to a similar conclusion: skull maturation is probably achieved at the age of 3 to 4 yr, while physical maturation estimated from asymptotic body length occurs at the age of 6 and 16 yr in females and males, respectively (D. Kerem unpubl. data). Thus, although all skulls in the present study were judged to be mature, some may have belonged to animals that were still growing. The justification of using skull length in place of whole body length for comparing sizes of the 2 (or more) populations applies as long as the ratio of the growth constants for whole body and skull are similar. Since we have no information about this ratio for our study animals, the safest approach would be to judge Levantine nanism separately by CBL of cranially mature skulls and TBL of physically mature animals. We have no information on age composition or physical maturity for the western sample and we acknowledge the uncertainties behind the comparison of stranding databases lacking such data. The age structure of the populations may vary with conservation status, with a larger representation of physically immature animals in a depleted population (Chivers 2002) . Also, the age structure of strandings may vary with the cause of stranding and thus misrepresent the true population structure; for instance, incidental mortality in trawl nets which accounts for about 30% of the annual mortality of BD in Israel (Israel Marine Mammal Research & Assistance Center [IMMRAC] unpubl. data) may disproportionately affect less ex perienced juveniles. However, the fact that in the top 25% of the strandings sorted by length, no animal in the Israeli subsample had a TBL > 310 cm while 37.8% of the French and 59.3% of the Spanish subsamples did, supported our principal finding.
Sexual dimorphism
Sexual dimorphism in adult body size has mainly been addressed in BD populations along the southeastern coast of North America. Most studies (i.e. Read et al. 1993 , Fernandez & Hohn 1998 , McFee et al. 2010 found mature males to be ~10 cm longer than females. The reason for the absence of any evidence for sexual dimorphism in our study may be that the sample sizes studied here were too small to reveal such a difference (a trend of males being longer than females was seen in TBL of the Israeli and Spanish, but not of the French sample group; data not shown).
Regional difference
The most notable and clear result of the present study is the significantly smaller body and skull size of BDs residing in the Levantine Basin, as represented by Israeli specimens, compared to conspecifics in western Mediterranean seas. The global, high mobility and long-distance movement of BDs (reviewed by Bearzi et al. 2011) need to be taken into account when comparing subpopulations that are not separated by physical barriers. The straight-line distance between the Sicilian Channel and the Israeli coast is 2200 km, increasing by 1000 km when following closely along the North African coastline. This is within the traveling capacity of the species, as shown by 'Guliver', a member of the eastern North Atlantic offshore BD population: based on satellite tracking over a period of 47 d following post-stranding release, he covered a distance of 4200 km (Wells et al. 1999) . The traveling range of BD in the Mediterranean has only been followed through resightings of familiar or photo-identified individuals (Bearzi et al. 2011 ). The longest distance was recorded for the solitary but sociable 'Dolphy', roaming the coasts of France and Spain over a distance of 400 km (Lockyer & Müller 2003) . Thus, migration between the eastern and western Mediterranean Seas appears to be rare. However, while the Levantine subpopulation of BDs is genetically distinct, there is also genetic evidence of migration from the western Mediterranean into this eastern subpopulation (Natoli et al. 2005 ). This evidence of occasional migration and the possibility that the Levantine sample contains individuals of a longer, offshore morph (Mead & Potter 1995) could well explain part of the size overlap observed in our study (Tables 3 & 4) .
The fact that mean TBL of BD from Israel is 16% lower than the western Mediterranean mean, while mean skull length is only 5% lower, may mean that early growth is similar in the 2 populations and that most of the difference occurs after the animals reach 4 yr of age. This is in line with the overlap of the lower parts of the cumulative distribution length curves (Fig. 3) . Previous work on length of Mediterranean BD is sparse and only concerns the Adriatic Sea. In a sample of 20 dolphins from the Adriatic Sea, Pribanic et al. (2000) report that TBL of 3 females and 2 males ranged from 285 to 290 cm and that the combined length asymptote for both sexes was at 280 cm. Butti et al. (2007) , examining a sample from the same region, reported females being 272 to 277 cm long at the age of 6 to 10 yr and males 270 to 305 cm long at the age of ≥10 yr. Of 16 BD that stranded on the shore of the province of Brindisi, southern Adriatic, the 6 largest animals measured 271, 290, 290, 298, 300 and 318 cm (Pino d'Astore et al. 2008) . Of the 13 specimens from the Italian Adriatic coast for which TBL was known in the present study, the 6 largest animals measured 280, 285, 290, 295, 311 and 316. The 6 largest animals in the entire Israeli stranding record measured 287, 293, 303, 303, 308 and 310 cm. Thus, while strict comparison is not warranted, it would seem that the Adriatic BDs are closer in overall size to the Israeli BDs than to conspecifics in basins further west. Since the skulls from Adriatic Sea BDs examined for this study were comparable in size to those of Mediterranean subpopulations further to the west, the question of body and skull size of BD in the Central Mediterranean remains unanswered.
Regarding the Black Sea, Barabash-Nikiforov (1940), Tomilin (1957) 
Extent of dwarfism
Does the size difference we found qualify for 'dwarfism' terminology? Table 5 lists mean values for TBL and CBL in selected cetacean species with known dwarf and pigmy morphs (blue whale, minke whale, killer whale and spinner dolphin) as well as for dolphin species (BD included) for which segregation by size, mostly of coastal and offshore populations, has been demonstrated. The latter also include the 2 species of spotted dolphins, the pantropical spotted dolphin Stenella attenuata, with the smaller (offshore) S. attenuata attenuata and the larger (coastal) S. attenuata graffmani, and the Atlantic spotted dolphin S. frontalis, with the smallest representatives inhabiting waters around oceanic Islands (Azores) and the high seas of the western North Atlantic, and the largest residing along the continental shelf of North America. With the exception of the dwarf killer whale and dwarf spinner dolphin, in which the extent of dwarfism is more pronounced, the % dimunition that we describe in Mediterranean BD is well within the range expressed by other species (columns 6 & 7 in Table 5 ). Still, the immense global size range of BDs accommodates adults with masses differing by a factor of 4, so using 'dwarf' terminology may only be appropriate regionally and concerning the same ecotype (coastal or offshore). Also included in Table 5 are the data in support of Levantine nanism in the red mullet (Sonin et al. 2007) , in which dwarfism is similar to that expressed by the killer whale and spinner dolphin dwarf forms.
Head-to-body proportions
The CBL:TBL ratio of 0.192 for the western sample which mainly represented Adriatic animals was not significantly different from that of the Levantine sample of 0.195. Viaud-Martinez et al. (2008) , who investigated 13 specimens from the Ligurian Sea for which both TBL and CBL were known, also reported a ratio of 0.192, so it seems safe to say that head-tobody proportions are maintained across the Mediterranean. This is in contrast to the Black Sea BD, whose CBL:TBL ratio was significantly larger, at 0.206 (Viaud-Martinez et al. 2008) .
Environmental factors and Levantine nanism
Differences observed might be explained by one or more of the 3 environmental parameters al legedly responsible for the Levantine nanism phenomenon (Por & Dimentman 2006) : high salinity, high temperature and low primary productivity. All 3 are known to characterize the Levantine Basin (Herut et al. 2000 , Turley et al. 2000 , Bricaud et al. 2002 . These explanatory parameters were originally proposed for invertebrates and fish (Por & Dimenman 2006) , but their relevance for mammalian homeotherms should be evaluated. In fish, these 3 parameters are suspected of causing early sexual maturation, so that energy is invested in reproduction at the expense of growth (Jobling 1996) . Early sexual maturation and early growth cessation could also apply to dolphins. However, age at physical maturation could be maintained and the smaller adult size could come about by slower initial growth and/or a more pronounced growth retardation as the individual nears asymptotic final size (Laird 1966) . This point can only be clarified by comparing length by age curves of the relevant subpopulations. Ferraris et al. (1986) suggested that reduced growth rates in fish under conditions of high salinity were related to the high energetic costs of osmoregulation, which would also apply to marine homeo therms, though possibly less so to piscivores. With everything else being equal, any increase in maintenance energetic demands would promote smaller size (see below), but since the salinity cline in the Mediterranean follows the same general east−west direction as that Viaud-Martinez et al. 2008) and adapted to its very low-salinity waters. Surface temperature in the Mediterranean does not present as clear an east−west gradient as that seen in salinity (Brasseur et al. 1996) . The influence of water temperature on the distribution of marine mammals would be expected to follow Bergmann's rule (Bergmann 1847) for species within higher taxa, and its modification (Rensch 1938 , Mayr 1956 ) for populations within species, which states that lower and warmer latitudes will tend to host animals with lower body mass. Searcy (1980) has presented an energy balance model in which selection is considered to maximize the difference between energy intake or gain per unit of time and maintenance energy costs per unit of time, scaled to body size. The model, that not only considers thermoregulatory constraints, predicts an increase in optimum body size as temperature decreases, providing an energetic basis and adaptive significance for the rule. Very few studies tested the validity of this rule in small cetaceans. Ross & Cockcroft (1990) found that the increase of surface water temperature at lower latitudes generates a smaller body size and skull size in the Indo-Pacific bottlenose dolphin Tursiops aduncus. Striped dolphins Stenella coeruleoalba off the French Mediterranean coast grow to smaller final size than conspecifics off the French Atlantic coast (Di-Meglio et al. 1996) , and populations of the finless porpoise Neo phocaena phocaenoides tend to have larger skulls in temperate than in tropical reaches of the species' range (Jefferson 2002) . On the other hand, Bergmann's rule does not hold for the harbor porpoise (Gol'din 2004) or for Black Sea cetaceans in general, which tend towards dwarfism despite the rel atively cold environment (Tomilin 1957 , Perrin 1984 . Also, if temperature and thermoregulation were important, the western BD subpopulation would possess relatively smaller flippers, in adherence to Allen's rule (Allen 1877). Sergeant & Brodie (1969) suggested that size variation in beluga whales Delphinapterus leucas was directly correlated with primary production in the habitat. Brodie (1975) later claimed that intraspecific size variation in cetaceans with a restricted feeding period may largely depend on lipid storage requirements, but such a consideration may not apply to BDs. Primary productivity of the Levantine Basin is extremely low (Krom et al. 2004 ) even in comparison with the western Mediterranean (Antoine et al. 1995) ; in addition, primary production is very efficiently utilized in the northwest Mediterranean, increasing fish biomass (Estrada 1996) . Differences in primary productivity and subsequently resource availability could explain some of the body size variation in BDs on a worldwide scale. For example, the Gulf of Mexico with the adjoining Atlantic waters is an oligotrophic basin with primary production generally comparable with that of the Mediterranean (Pennock et al. 1999) , and BDs in this region generally do not exceed the size of their Mediterranean conspecifics (McFee et al. 2010) , while BDs in the eutrophic waters of the northwest Pacific or northeast Atlantic are remarkably large (Wells & Scott 2009 ). Thus, food resource availability can stand as a working hypothesis for BD nanism in the Levantine Basin. Primary productivity in the Mediterranean decreases with distance from the Gibraltar Strait but also from the Adriatic and Aegean Seas, which are productivity hotspots relative to their west−east position (Antoine et al. 1995) . This would predict relatively large BDs in the Adriatic. It should however be remembered that high primary productivity will support a higher mass of top predators only when no external intervention is present. Anthropogenic competition for and overexploitation of dolphin prey would introduce new selection pressures which could limit the number of optimally sized individuals and/or have individuals reach less than optimum adult sizes. The second effect has been described in artiodactyls, where long enough periods of food depletion, lasting through pregnancy and lactation, will lead to small adult size as affected calves mature (Festa-Bianchet et al. 2000) .
Another anthropogenic impact with potential local effect on body size of marine mammals is chemical contamination. Growth stunting may be caused by the general stress of a high contaminant burden and specifically by thyroid disruptors (Wade et al. 2002) , even though this has not been directly demonstrated in marine mammals. A correlation between organo -pollutant levels and degree of thyroid gland fibrosis has been demonstrated in eastern North Atlantic harbor porpoises (summarized in Schnitzler et al. 2009 ). Israeli BDs, however, demonstrate total blubber PCB values an order of magnitude lower than those in animals in the western Mediterranean (Shoham-Frider et al. 2009 ), and while possessing relatively high tissue cadmium loads (presumably of natural origin from Sahara sands) (Roditi-Elasar et al. 2003 ), cadmium was shown to be negatively correlated to thyroid gland fibrosis in harbor porpoises (Schnitzler et al. 2009 ).
Our research joins a list of studies in supporting the Levantine nanism phenomenon but does so for the first time in a marine mammal. The relative contribution to Levantine nanism of the various environmental parameters (natural and anthropogenic) is hard to estimate but provides direction for further research. Lastly, it should be stressed that the concept of Levantine nanism may well be the expression of boundary effects of a cross-Mediterranean east−west cline in body size. It is highly conceivable that when other Mediterranean subpopulations of marine organisms to which this concept has been applied (including BDs) are inspected, Levantine nanism would have to be reevaluated or at least reassessed with a wider perspective. to a skeletal collection. (1985) 
